There are many coat colors in the laboratory mouse, Mus musculus. On the basis of traditional genetics, there are four loci, A-D, related to coat color expressions. As shown by previous studies, Japanese wild mice have gray backs and white bellies and are assumed to carry the A w allele at the A (agouti) locus, which is dominant over any other alleles. However, we collected Japanese wild mice from central Honshu with black coats. To understand this black coat expression, we performed cross experiments concerning the four loci using wild-caught mice and DBA/2 laboratory mice from the standpoint of traditional genetics. The offspring of the current crosses showed the wild type, the blackish type, and the intermediate type from some combinations of parents. Considering the coat colors of the offspring, we did not obtain any evidence that the Japanese wild mice always carry the A w allele at the A locus. Furthermore, we were not able to explain the current coat color expressions using the traditional logic with regard to the A-D loci and concluded that it is possible for another locus (loci) to be related to the coat color expressions. On the other hand, skull characteristics and external body measurements of the captured wild mice were fundamentally different from those of DBA/2 and offspring from captured wild mice and DBA/2 combinations. Thus, we concluded that the Japanese wild mice had original criteria from a morphological viewpoint.
Introduction
Mus musculus is a well-known house mouse worldwide. Laboratory mice are artificially derived from the house mouse and have many coat colors [1] . The variations in coat color are fundamentally determined by arbitrary allele combinations at four loci (A-D) on the basis of traditional genetics [5, 18] . For example, the albino is expressed by recessive homozygosity, c/c, at the C locus irrespective of any gene combinations at the other loci. In addition, recessive homozygosity, d/d, at the D locus leads to the dilution of any coat colors. Moreover, homo-or heterozygosity of the dominant A allele at the A (agouti) locus and the dominant B allele at the B locus leads to light color bands (usually yellowish bands) and black color expression on hair, respectively, and this combination produces an entirely gray coat in the wild type based on the traditional mouse genetical logic [5] . Thus, the mouse coat colors are caused by multiple gene combinations at multiple loci from a genetic standpoint. Such coat colors are observed in laboratory mice, but these colors are rare in wild mice.
Wild mice occur in natural conditions in Japan, such as in rice fields, on farms, and in grass fields. Japanese wild mice typically show the wild-type coat color with a gray back and white belly [7, 10, 15, 16] . The white belly is considered to be specific to the Japanese wild mouse and is expressed by the A w allele at the A locus, which is dominant over the wild type A allele as the standard dominant gene for the wild coat type in the European mouse [5] . For example, the MSM laboratory strain originated in the Japanese wild mouse from Mishima, Shizuoka Prefecture, Honshu, and apparently carries the white belly coat due to A w allele expression [4] . On the other hand, it is well known that the a allele is recessive to the A allele at the A locus and homozygous state of the a allele (a/a) leads to an entirely mono-color or plain-color coat without the agouti expression, which carries light color bands on hair [5] . Therefore, the agouti locus is strongly related to coat color variations. Previously, the black coat type of a wild mouse was reported by Kuroda [11] from Tokyo Metropolis, but the genetic background of the expression of such a coat color is unknown. However, it is expected that the mice showing such black coat do not carry the A w allele, at least from a genetic standpoint. If so, the A w allele is not always specific to the Japanese wild mice as a genetic variation.
Japanese wild mice and laboratory mice are sometimes ranked as valid species or subspecies: the former are M. molossinus or M. musculus molossinus, and the latter are M. domesticus or M. musculus domesticus and M. musculus or M. musculus musculus [3, 4, 12, 13, 19] . Both taxa have been morphologically and genetically differentiated in previous studies [17] . In particular, Japanese wild mice show specific criteria in some cranial characteristics [12, 19] .
Experimental mice are used worldwide for life science studies. Thus, a few cases in which laboratory mice have accidentally escaped from the laboratory have probably occurred. In such cases, the genetic characteristics of the laboratory mice could be transferred into wild populations and could be considered the source of contamination. Considering such possibilities and problems, to recognize and confirm the validity of Japanese wild mice, morphological and genetic monitoring for validity would be necessary.
In this study, to evaluate the coat color variation of Japanese wild mice, we performed genetic and morphological analyses on Japanese wild mice.
Materials and Methods

Mouse samples
We collected wild mice (n=31, Table 1 ) from five sites in Fujisawa, Kanagawa Pref., which is near Tokyo Metropolis, Japan (Fig. 1 All the individuals were examined for overall length, tail length, hind foot length (sine unguis), and body weight; they were then preserved in the author's (Iwasa) laboratory as specimens (flat skins and skulls/mandibles). We classified the mice as adult or young based on their morphology. All the procedures to collect and to make specimens in this study were according to the Special Committee for the Taxonomic Names and Collections in the Mammal Society of Japan.
Quantitative translation of coat colors
The back and belly skin of all specimens (n=86, Tables 1 and 2) was scanned using a personal scanner (GT-7300U, Epson, Tokyo, Japan). After scanning, we picked up a square of 100 × 100 pixels at the median line point of the chest on the back and belly of each mouse individual. A total of 10,000 pixels in the square were translated for relative RGB indices to control the color for the standard red (vivid red V2 of the Practical Color Coordinate System, Nihon Sikiken Co., Ltd., Tokyo, Japan) using Adobe Photoshop CS. In each individual, we calculated the average indices on the back and belly, and for the RGB indices, the relative R (red) indices (R L ) were used for the present color comparison. All specimens were divided into three types: wild type (WL), intermediate black type (IB), and complete black type (BK). We confirmed the differences among the three coat types by the t-test (P=0.01).
Cross experiments
Regarding the wild-caught mice, we performed cross experiments for five combinations, Crosses I-V (Table  3) , among them (n=7) and the laboratory mouse (n=3), DBA/2 (Japan SLC, Inc., Hamamatsu, Japan), which is considered to be the M. musculus musculus type [4] , to confirm the coat colors of the offspring obtained from pairings. DBA/2 was the tester mouse for coat color expression because it carries the genetic constitutions of a/a, b/b, C/C, and d/d at the standard coat color loci [5] .
Regarding the five cross combination pairs, mating was performed twice with pairs for Crosses I, II, and V (Table 3) . To determine the adult coat color, we made skin specimens of the offspring 90 days after birth. All experimental procedures were conducted in accordance with the guidelines for animal experiments, College of Bioresource Sciences, Nihon University.
Morphological analysis
All the individuals (n=87-89 including three individuals of DBA/2, Tables 1, 3, and 4) were measured for total length (TL), tail length (T), hind foot length sine unguis (HFsu), body weight (BW), and condylobasal length of the skull (CBL). We recognized wild-caught mice with a CBL of over 17.0 mm as being in the adult stage. To evaluate the validity of Japanese wild mice, we compared the external morphological dimensions and observed the anterior edge of the zygomatic plate on the lateral view in all the skull specimens. In the anterior edge shape, there was a clear difference between the Japanese wild mouse (the molossinus type) and the laboratory mouse (the domesticus/musculus types), including the DBA strains [3, 12, 19] .
Results
Coat color variations
We were able to collect 41 individuals from the four sites (Table 1 and Fig. 1 ). Of them, 32, 7, and 2 individuals were classified as WL, IB, and BK, respectively, on the basis of the R L indices on the belly (Table 1, Tables 1 and 2 . Among the three coat types, there were significant differences for the R L indices among all the pairwise comparisons on the back and belly by the student's t-test (P<0.01).
Cross experiments
We performed cross experiments as shown in Table 3 . To confirm the coat color expressions related to the A locus, some wild-caught mice were crossed with wildcaught mice and DBA/2 mice. Regarding the first mating of the two pairs of wild-caught mice, all the offspring of NUWL-M116 (WL)/113 (WL) had WL coats and white bellies, and regarding the offspring of NUWL-M 147 (IB)/98 (WL), one had an IB coat and three had WL coats (Table 3 and Fig. 3 ). In addition, the pair of NUWL-M172 (WL)/200 (DBA/2) produced all WL coat offspring, and the pair of NUWL-M155 (BK)/114 (DBA/2) produced all BK coat offspring (Table 3 and Fig. 3) . However, the pair of NUWL-M171 (IB)/202 (DBA/2) showed both IB and BK coats in its offspring (Table 3 and Fig. 3 ).
Morphological characteristics
The five morphological measurements were compared among four categories, the wild-caught mice, DBA/2 Table 1 . This Landsat photo is from Google Earth 4.0.2. mice, the offspring of crosses between the wild-caught and DBA/2 mice, and the offspring of the wild-caught mice, considering the WL and blackish (IB-BK) coat color types (Table 4 and Fig. 4) . Interestingly, most characteristics of the offspring of the wild-caught and DBA/2 mice (including both coat types) were similar to those of DBA/2 mice. In addition, most measurements of the wild-caught mice were significantly different from those of DBA/2 mice and the offspring of the wild-caught and DBA/2 mice, irrespective of the coat color types (Table  4 and Fig. 4 ). According to the present statistical analysis of five morphological characteristics, at least, there are fundamentally no differences in the morphological dimensions between the WL and IB-BK coat types in each category. All the wild-caught mice showed a strongly convex type (the molossinus type) for the anterior edge of the zygomatic plate (Table 1) . On the other hand, all the offspring of all the cross experiments using DBA/2 showed the straight type (Table 3 ). The F 1 animals of all the experiments with DBA/2 were morphologically classified into the laboratory mouse type (the domesticus/ musculus type).
Discussion
Origin of the BK coat
The present BK mice were obtained near the campus of Nihon University, which keeps many laboratory mice. Thus, there was the possibility that they were derived from laboratory mice. However, the present data from the morphological analysis revealed that the current mouse samples were different from those of laboratory mice, such as DBA/2, which is derived from M. musculus musculus [4] (Table 4 and Fig. 4) . Accordingly, we conclude that the present wild-caught mice are typically Japanese wild mice.
Irrespective of the coat color types, the offspring of wild-caught mice and DBA/2 interestingly showed intermediate types from a morphological standpoint. Some of the morphological dimensions were similar to those of the wild-caught mice, and others were similar to those of DBA/2 (Table 4 and Fig. 4 ). This fact is evidence that the wild-caught mice are not laboratory mice or descendants of laboratory mice. In the present analysis, the measurements in HFsu of the offspring of the wildcaught and DBA/2 mice showing the IB-BK coat type were divided into lower and higher sizes (Fig. 4) . We cannot suggest critical mechanisms leading to these two size groups at present, but the hind foot size may be a neutral character in their viability under natural conditions.
Expression of the BK coat
Using laboratory mice, it has been shown that the expression of the back color is regulated by the A locus and the melanocortin 1 receptor gene (Mc1r) [14, 20] . In addition, hairs of the current BK coat appeared to be non-banded hairs (the so-called non-agouti type), contrary to the agouti-type hairs carrying light color bands, and such non-banded hairs are derived from a/a expression at the A locus [18] . On the basis of the theoretical background of the A locus expression, we performed cross experiments between BK and DBA/2 mice. We anticipated that the BK mice would be non-agouti with a/a and that their offspring would be shown to be BK mice carrying a/a. The results of the cross experiments showed that all offspring were BK mice carrying a/a (Table 3) . Therefore, our assumptions appear to be reasonable at present. On the other hand, we performed a cross between the IB and DBA/2 mice, and the IB and BK offspring were obtained (Table 3) . Furthermore, both IB and BK offspring were obtained from a captured wild pregnant mouse showing an IB coat color type (Table  3) . Considering these facts, the IB mouse most likely carries the a allele at least. According to the above findings from the cross experiments, it is possible that our results regarding the coat color are not only explained by the A locus but also by the variants of Mc1r, which are related to melanin expression [8, 9, 14] . Therefore, more analysis about both loci is necessary to evaluate the IB and BK expressions in Japanese wild mice.
High frequency of black coat mice under natural conditions
Hamajima [6] reported that there was a lower frequency (7-8%) of collection of black coat mice under natural conditions. However, the current frequency of collection of IB and BK coat mice was 16.1% (5/31), relatively higher than the results of Hamajima [6] (Table  1) . Furthermore, the IB and BK mice were obtained from only localities 2 and 3 ( Table 1 and Fig. 1 ).
Our collection localities were separated from each other by houses, roads, and some artificial constructions. Therefore, it is expected that each population may be limited to some degree from genetic exchanges with other populations. Such isolation has a bottleneck effect on the populations, resulting in higher homozygous states of recessive genes. For example, at the A locus, the frequency of the a/a would be increased by the bottleneck, and the frequency of the non-agouti black color would also be increased. As well as the a/a frequency, the c/c showing albino characteristics at the C locus would also be expected to increase. However, predators more easily detect albino mice than black ones, and the viability of the black mice is thus superior to that of albino mice under natural conditions. In conclusion, black mice have superior viability, as do WL mice.
Reevaluation of the agouti genes in Japanese wild mice usually, it is considered that the A and A w alleles at the A locus are dominant and that Japanese wild mice carry the A w allele and have white bellies [2] . The MSM mouse strain originated from Japanese wild mice and is characterized by its white belly. In addition, the A w allele is dominant over all alleles described by lowercase symbols at the A locus [5] . Considering these findings, any offspring of a mouse carrying the A w allele would be expected to have a white belly. However, our cross experiment results showed unexpected expressions with regard to coat colors (Table 3 and Fig. 3) . Thus, we suggest that the property of both A w allele and white belly is not always recognized in Japanese wild mice and that other loci may be related to the coat color phenotype. 
